Paternal obesity, interventions, and mechanistic pathways to impaired health in offspring.
The global rates of male overweight/obesity are rising, approaching 70% of the total adult population in Western nations. Overweight/obesity increases the risk of chronic diseases; however, there is increasing awareness that male obesity negatively impacts fertility, subsequent pregnancy, and the offspring health burden. Developmental programming is well defined in mothers; however, it is becoming increasingly evident that developmental programming can be paternally initiated and mediated through paternal obesity. Both human and rodent models have established that paternal obesity impairs sex hormones, basic sperm function, and molecular composition. This results in perturbed embryo development and health and an increased subsequent offspring disease burden in both sexes. The reversibility of obesity-induced parental programming has only recently received attention. Promising results in animal models utilizing diet and exercise interventions have shown improvements in sperm function and molecular composition, resulting in restorations of both embryo and fetal health and subsequent male offspring fertility. The direct mode for paternal inheritance is likely mediated via spermatozoa. We propose two main theories for the origin of male obesity-induced paternal programming: (1) accumulation of sperm DNA damage resulting in de novo mutations in the embryo and (2) changes in sperm epigenetic marks (microRNA, methylation, or acetylation) altering the access, transcription, and translation of paternally derived genes during early embryogenesis. Paternal overweight/obesity induces paternal programming of offspring phenotypes likely mediated through genetic and epigenetic changes in spermatozoa. These programmed changes to offspring health appear to be partially restored via diet/exercise interventions in obese fathers preconception, which have been shown to improve aspects of sperm DNA integrity. However, the majority of data surrounding paternal obesity and offspring phenotypes have come from rodent models; therefore, we contend that it will be increasingly important to study population-based data to determine the likely mode of inheritance in humans.